Introduction {#sec1-1744806917729055}
============

Nociceptive pain has different characteristics depending on the affected tissue. Thus, superficial cutaneous pain is subjectively described as a well-localized sharp, pricking, or burning sensation; musculoskeletal deep somatic pain, as a diffuse, dull, or aching sensation; and visceral pain, as a deep cramping sensation that may be referred.^[@bibr1-1744806917729055]^ In general, it is considered that musculoskeletal pain is more diffuse and longer lasting than cutaneous pain,^[@bibr2-1744806917729055],[@bibr3-1744806917729055]^ and these differences in quality may rely on peripheral and central mechanisms.^[@bibr4-1744806917729055]^ Like that, muscle pain more strongly activates regions of the brain associated with emotional processing than skin pain,^[@bibr5-1744806917729055]^ and peripheral nociceptors are considered a heterogeneous population of neuronal afferents that are classified in several ways, such as by their expression of transducer molecules or peptidergic content.^[@bibr6-1744806917729055]^ The functional significance of this heterogeneity has been demonstrated, and various subtypes of nociceptors are thought to contribute in diverse forms to inflammatory and neuropathic chronic pain.^[@bibr7-1744806917729055]^ The study of these differences is helpful in guiding novel therapeutic strategies to deal with chronic pain.

The differences between musculoskeletal and cutaneous afferents can also be observed in nociceptive activation. Hence, small muscle afferents express more acid-sensing ion channels 3 (51%) when compared to cutaneous afferents (28%).^[@bibr8-1744806917729055]^ In contrast, muscle afferents immunoreactive for the P2X3 receptor were only 3% when compared to cutaneous (37%) and visceral (31%) afferents.^[@bibr9-1744806917729055]^ No difference has been observed on transient receptor potential (TRP) V1 and TRPV2 expression in small cutaneous CGRP + afferents (53.5% TRPV1 + and 11.6% TRPV2+) and small muscle CGRP + afferents (53.1% TRPV1 + and 8.8% TRPV2+, respectively).^[@bibr10-1744806917729055]^ On the other hand, 5-HT is considered to play an important role in pain perception,^[@bibr11-1744806917729055]^ and the nociceptive role of 5-HT~3~ receptors is relatively well established in several tissues,^[@bibr12-1744806917729055][@bibr13-1744806917729055][@bibr14-1744806917729055]--[@bibr15-1744806917729055]^ particularly in the colon,^[@bibr16-1744806917729055]^ where antagonists of the 5-HT~3~ receptors are used to treat the pain related to the irritable bowel syndrome.^[@bibr17-1744806917729055]^ Nevertheless, although the distribution of 5-HT~3~ receptors has been relatively well assessed in the gastrointestinal tract,^[@bibr18-1744806917729055],[@bibr19-1744806917729055]^ it remains unclear in tissues, such as the skin and the skeletal muscle.

5-HT mediates inflammatory pain in the skin in conditions, such as contact dermatitis,^[@bibr20-1744806917729055]^ skin burning,^[@bibr14-1744806917729055]^ and itching;^[@bibr14-1744806917729055]^ and in skeletal muscle in conditions, such as chronic myalgia^[@bibr12-1744806917729055],[@bibr13-1744806917729055]^ and neuropathic pain.^[@bibr6-1744806917729055],[@bibr7-1744806917729055]^ In order to assess the differences in 5-HT~3~ receptor activation from skeletal muscle and skin sensory afferents, in this study, the frequency of 5-HT-activated inward currents in DiI retrogradely labeled rat sensory neurons from skin shoulders and biceps femoris muscles was compared.

Materials and methods {#sec2-1744806917729055}
=====================

Sensory afferents retrograde labeling {#sec3-1744806917729055}
-------------------------------------

Forty-one Sprague-Dawley male rats from 250 to 300 g were anesthetized by intramuscular injection of 1 mL/kg rat anesthetic containing in mg/mL, Ketamine 80 and Xylazine 10. In all rats, the skin was shaved and opened by four incisions: two paraspinal to shoulder level and two on top of each of the biceps femoris muscles. Sensory afferents innervating hairy skin and skeletal muscle were labeled by retrograde transport of a lipophilic fluorescent dye DiI (Molecular Probes, Eugene, OR). DiI was injected intradermically in both shoulders and inside both biceps femoris muscles. Ten microliters of a suspension of 25 mg/mL of DiI (previously dissolved at 5% in DMSO) in external saline solution was injected per point, divided into 10 injections of 1 µL each. When no leakage of DiI or bleeding was observed, the four incisions were sutured with Nylon, which was removed one week later. Once DiI was injected, the rats were taken for two weeks to the housekeeping and animal care unit prior to their sacrifice for primary cell cultures preparation. The animals were treated in accordance with the principles of the Guide to the Use of Experimental Animals of the National Institute of Health (USA). All experimental protocols were revisited and approved by the Animal Care and Use Committee of Universidad del Valle.

Sensory afferents primary culture and identification {#sec4-1744806917729055}
----------------------------------------------------

Rats injected with DiI weighting 300 to 350 g were deeply sedated with isoflurane (50%, Baxter) in a gas chamber and immediately decapitated. After death, the spinal column was removed and dissected. Dorsal root ganglia (DRG) were dissected free using fine forceps and microdissecting scissors. The right and left DRG from C~4~ to T~2~ for hairy skin afferents and from L~2~ to L~6~ for skeletal muscle afferents were collected. These ganglia were cut into pieces and underwent enzymatic dissociation successively in papain and collagenase/dispase solutions; this was followed by trituration in Hanks solution. The dissociated cells were then plated on polylysine- and laminin-coated glass coverslips in F12 medium (Gibco BRL) plus nerve growth factor (NGF; 50 ng/mL, Biomedical Technologies, Inc.) at 37 ℃ in 5% CO~2~. After 2 h, the medium was changed to L15 (Gibco BRL) plus NGF, and the cells were maintained at 22 ℃ in humidified air. Petri dishes filled with external solution and one coverslip attached were mounted on a Nikon Diaphot inverted microscope with epifluorescence equipment. Afferent cells were identified by fluorescence microscopy (filter set XF102, Omega Optical). Only intensely fluorescent cells were assessed. Electrophysiological recordings were completed on 25- to 40-µm-sized labeled sensory afferents within 12 to 24 h after plating. Cells smaller than 25 µm were not studied since they were poorly labeled with DiI, and cells larger than 40 µm were not studied since most of them are considered as nonnociceptive sensory afferents. Cell soma diameter was estimated from the average of the longest and shortest axis as measured through an eyepiece micrometer scale. Only one cell was used per coverslip.

Electrophysiology {#sec5-1744806917729055}
-----------------

Patch-clamp experiments were conducted in the tight whole-cell configuration at room temperature. Ligand-gated currents were evoked sequentially by external solution at pH 6.8, 5-HT (50 µM), ATP (50 µM), and capsaicin (1 µM) on dissociated DiI labeled sensory afferents from the shoulders hairy skin and the biceps femoris muscles. This sequence remained always the same, taking into account that the main objective was to evaluate the responses to 5-HT and to avoid alterations in the responses by modulation with 5-HT, ATP, or capsaicin. An extracellular pH 6.8 solution was used as a positive control of previously reported differences among sensory afferents from skin and skeletal muscle^[@bibr8-1744806917729055]^ and in order to avoid activation of capsaicin receptors. Holding potential was always −70 mV. The control external solution was continuously perfused during experiments and contained (in mM): 140 NaCl, 5 KCl, 2 CaCl~2~, 1 MgCl~2~, 10 HEPES, 10 MES, and 5 glucose, adjusted to pH 7.4 with N-Methyl-D-Glucamine. This solution was adjusted to pH 6.8 with HCl for the acid-evoking solution. Ligand-gated currents were evoked by perfusing the cells for 1 s with ATP, 2 s with external pH 6.8 or 5-HT, and 3 s with capsaicin, through an array of 10 µL capillary pipettes that were changed within 20 ms with a computer-driven solenoid valve system. 5-Hydroxytryptamine hydrochloride and ATP-Na~2~ were added to the control external solution from a 50-mM stock prepared in water at pH 7.4 (stored at 4 ℃ and −20 ℃, respectively). Capsaicin was prepared daily in ethanol (final concentration was 0.07%). Patch pipettes were pulled from borosilicate glass (Garner Glass, Claremont, CA) to 2.5--3 MΩ resistance. The standard internal solution contained (in mM): 135 methane sulfonic acid, 150 KOH, 10 KCl, 8 NaCl, 1 MgCl~2~, 10 MOPS, 0.3 Na~3~-GTP, 2 ATP-Mg, and 0.5 EGTA, adjusted to pH 7.0 with KOH. Data acquisition was performed with the pClamp 8.0 software (Axon Instruments, Inc.). All chemicals were from Sigma Co. unless otherwise stated.

Statistical analysis {#sec6-1744806917729055}
--------------------

Ligand-gated currents were analyzed with the Origin 7 (Microcal Software Inc.). Ligand-gated currents threshold was taken at 50 pA. Leak currents were subtracted off-line. Cell capacitance was calculated by integrating the capacitative transient (5 mV step, V~h~ = −70 mV). All data are presented as the mean ± SEM A two-sample *t* test was used to check if current densities were different among them (significance *p* \< 0.05). The chi-square test (STATISCA 8.0, StatSoft, Inc.) was used to check the statistical significance of the differences in percentages found between skin and skeletal muscle afferents responding to the various stimuli (significance *p* \< 0.05).

Results {#sec7-1744806917729055}
=======

5-HT-gated inward currents {#sec8-1744806917729055}
--------------------------

Ligand-gated currents in small- to medium-sized (25--40 µm) sensory afferents labeled with DiI were examined. 5-HT (50 µM) evoked inward currents more frequently in rat sensory afferents innervating the hairy skin of shoulders than on those innervating the biceps femoris muscles. Indeed, 5-HT evoked inward currents in 72% (67 of 93) of hairy skin sensory afferents, but only 24% (24 of 98) of skeletal muscle sensory afferents were activated by 5-HT ([Figure 1(c)](#fig1-1744806917729055){ref-type="fig"}). This difference was significant (*p* \< 0.0000, chi-square test). The current densities evoked by 5-HT were not significantly different among hairy skin and skeletal muscle sensory afferents. They were −45.8 ± 7.7 and −32.4 ± 10.5 pA/pF, respectively (mean ± SEM, *p* = 0.30734; [Figure 1(d)](#fig1-1744806917729055){ref-type="fig"}). Cell capacitance ranged from 27.5 ± 1.2 to 56.7 ± 1.3 pF in hairy skin afferents and from 26.8 ± 1.3 to 55.3 ± 1.1 pF in skeletal muscle afferents. [Figure 1(a) and (b)](#fig1-1744806917729055){ref-type="fig"} shows typical currents evoked by 5-HT in the sensory afferents studied. Considering that this range of cell size is wide, cells were also grouped into two clusters and analyzed: one small-sized cell cluster from 25 to 32 µm and a medium-sized cell cluster from 33 to 40 µm. Figure 1.5-HT evoked currents in the skin and the skeletal muscle rat sensory afferents. Typical current evoked by applying 5-HT (50 µM) to a 25--32 µm skeletal muscle sensory afferent (a). Typical current evoked by applying 5-HT (50 µM) to a 33--40 µm skin sensory afferent (b). Percentage of cells with 5-HT-gated inward currents in the skin and the skeletal muscle small- to medium-sized sensory afferents (c). Current density of 5-HT-gated inward currents in the skin and the skeletal muscle small- to medium-sized sensory afferents (d). For analysis purposes, the DRG cells studied were clustered all together or divided in two different groups (small-sized = 25--32 µm or medium-sized = 33--40 µM cell soma diameter). Data presented are mean ± SEM. The asterisks in (c) indicate that the frequency of 5-HT-gated inward currents in the skin and the skeletal muscle is significantly different (*p* \< 0.0000 for all cells and the 25--32 µm group; *p* \< 0.0011 for the 33--40 µM group). The asterisk in (d) indicates current densities that are statistically different between the skin and the skeletal muscle sensory afferents (*p* \< 0.01827). DRG: dorsal root ganglion.

In the two cell clusters, 5-HT-gated inward currents were more frequently evoked in sensory afferents innervating the hairy skin of shoulders than on those innervating the biceps femoris muscles. Certainly, in the 25--32 µm cell cluster, 5-HT evoked inward currents in 67% (44 of 66) of hairy skin sensory afferents, but only 16% (11 of 68) of skeletal muscle sensory afferents were activated by 5-HT ([Figure 1(c)](#fig1-1744806917729055){ref-type="fig"}). This difference was significant (*p* \< 0.0000, chi-square test). In this cluster (25--32 µm), current densities evoked by 5-HT were not significantly different amid hairy skin and skeletal muscle sensory afferents. They were −11.8 ± 1.1 and −7.7 ± 2.1 pA/pF, respectively (mean ± SEM, *p* = 0.09906; [Figure 1(d)](#fig1-1744806917729055){ref-type="fig"}). Cell capacitance in this cluster ranged from 27.5 ± 1.2 to 31.4 ± 1.4 pF in hairy skin afferents and from 26.8 ± 1.3 to 32.6 ± 1.4 pF in skeletal muscle afferents. In the 33--40 µm cell cluster, 5-HT evoked inward currents in 85% (23 of 27) of hairy skin sensory afferents, but only 43% (13 of 30) of skeletal muscle sensory afferents were activated by 5-HT ([Figure 1(c)](#fig1-1744806917729055){ref-type="fig"}). This difference was significant (*p* \< 0.0011, chi-square test). In this cluster (33--40 µm), current densities evoked by 5-HT were not significantly different between hairy skin and skeletal muscle sensory afferents. They were −110.8 ± 10.4 and −53.3 ± 12.4 pA/pF, respectively (mean ± SEM, *p* = 0.01827; [Figure 1(d)](#fig1-1744806917729055){ref-type="fig"}). Cell capacitance in this cell cluster ranged from 49.2 ± 1.1 to 56.7 ± 1.3 pF in hairy skin afferents and from 48.1 ± 0.9 to 55.3 ± 1.1 pF in skeletal muscle afferents. The current densities were significantly larger in the medium-sized cell cluster compared to the small-sized cell cluster (*p* \< 1.58086E-6 for the skin afferents and *p* \< 0.02378 for the skeletal muscle afferents).

Extracellular pH 6.8-gated inward currents {#sec9-1744806917729055}
------------------------------------------

To assess if 5-HT-gated currents coexist with other ligand-gated currents in the hairy skin and skeletal muscle sensory afferents, the presence of low pH, ATP, and capsaicin-gated inward currents was also analyzed in the same cells exposed to 5-HT. An extracellular pH 6.8 solution evoked three types of inward currents in both cell clusters: one fast desensitizing, one slow desensitizing, and one fast--slow desensitizing ([Figure 2(a)](#fig2-1744806917729055){ref-type="fig"}). In the 25--32 µm cell cluster, extracellular pH 6.8 evoked a fast desensitizing inward current in 23% (15 of 66) of hairy skin sensory afferents and in 68% (46 of 68) of skeletal muscle sensory afferents (marked as pH 6.8 (f) in [Figure 2(b)](#fig2-1744806917729055){ref-type="fig"}). This difference was significant (*p* \< 0.0000, chi-square test). The current densities evoked by the extracellular pH 6.8 solution were significantly different among the hairy skin and the skeletal muscle sensory afferents. They were −366.4 ± 52.1 and −211 ± 29.3 pA/pF, respectively (mean ± SEM, *p* = 0.01592; marked as pH 6.8 (f) in [Figure 2(c)](#fig2-1744806917729055){ref-type="fig"}). In the 33--40 µm cell cluster, extracellular pH 6.8 evoked a fast desensitizing inward current in 81% (22 of 27) of the hairy skin sensory afferents and in 90% (27 of 30) of the skeletal muscle sensory afferents (marked as pH 6.8 (f) in [Figure 2(d)](#fig2-1744806917729055){ref-type="fig"}). This difference was not significant (*p* \< 0.3552, chi-square test). The current densities evoked by an extracellular pH 6.8 solution were not significantly different among the hairy skin and the skeletal muscle sensory afferents. They were −190.9 ± 20.8 and −127.4 ± 15.1 pA/pF, respectively (mean ± SEM, *p* = 0.08786; marked as pH 6.8 (f) in [Figure 2(e)](#fig2-1744806917729055){ref-type="fig"}). Figure 2.pH 6.8 external solution, capsaicin, and ATP evoked currents in the skin and the skeletal muscle rat sensory afferents. Typical currents evoked by pH 6.8 external solution and by applying capsaicin (1 µM) and ATP (50 µM) to a small- to medium-sized skin and skeletal muscle sensory afferents. The upper panel shows from left to right a pH 6.8-gated fast (f) desensitizing current, a pH 6.8-gated slow (s) desensitizing current, and a pH 6.8-gated fast--slow desensitizing current. Next, a capsaicin-gated current is shown. The lower panel shows from left to right an ATP-gated fast (f) desensitizing current, an ATP-gated slow (s) desensitizing current, and an ATP-gated fast--slow desensitizing current. (a) Percentage of cells with pH 6.8- or capsaicin- or ATP-gated currents in the skin and the skeletal muscle small-sized (25--32 µm) sensory afferents (b). Current densities of the pH 6.8- or capsaicin- or ATP-gated currents in the skin and the skeletal muscle small-sized (25--32 µm) sensory afferents (c). Percentage of cells with pH 6.8- or capsaicin- or ATP-gated currents in the skin and the skeletal muscle medium-sized (33--40 µm) sensory afferents (d). Current densities of the pH 6.8- or capsaicin- or ATP-gated currents in the skin and the skeletal muscle medium-sized (33--40 µm) sensory afferents (e). Data presented are mean ± SEM. The asterisks in (b) indicate that the frequency of these ligand-gated inward currents in the skin and the skeletal muscle is significantly different (*p* \< 0.0000 for pH 6.8 evoked fast desensitizing inward currents; *p* \< 0.0048 for pH ATP evoked fast desensitizing inward currents). The asterisk in (c) indicates current densities that are statistically different between skin and muscle sensory afferents (*p* \< 0.01592).

In the 25--32 µm cluster, the extracellular pH 6.8 solution gated also a slow desensitizing inward current in 32% (21 of 66) of hairy skin sensory afferents and in 38% (25 of 68) of skeletal muscle sensory afferents (marked as pH 6.8 (s) in [Figure 2(b)](#fig2-1744806917729055){ref-type="fig"}). This difference was not significant (*p* \< 0.5466, chi-square test). The current densities were not significantly different among the hairy skin and the skeletal muscle sensory afferents. They were −243.6 ± 51.5 and −280.3 ± 41.1 pA/pF, respectively (mean ± SEM, *p* = 0.58085; marked as pH 6.8 (s) in [Figure 2(c)](#fig2-1744806917729055){ref-type="fig"}). In the 33--40 µm cluster, the extracellular pH 6.8 solution evoked a slow desensitizing inward current in 22% (6 of 27) of hairy skin sensory afferents and in 30% (9 of 30) of skeletal muscle sensory afferents (marked as pH 6.8 (s) in [Figure 2(d)](#fig2-1744806917729055){ref-type="fig"}). This difference was not significant (*p* \< 0.5055, chi-square test). The current densities were not significantly different amid the hairy skin and the skeletal muscle sensory afferents. They were −42.2 ± 7.6 and −137.7 ± 32 pA/pF, respectively (mean ± SEM, *p* = 0.07002; marked as pH 6.8 (s) in [Figure 2(e)](#fig2-1744806917729055){ref-type="fig"}). It should be noted that in the 25--32 µm skin afferents, 30% (9 of 30) of the extracellular pH 6.8-gated currents were fast desensitizing, 50% (15 of 30) slow desensitizing, and 20% (6 of 30) fast--slow desensitizing. In the 25--32 µm skeletal muscle afferents, 58% (35 of 60) of the extracellular pH 6.8-gated currents were fast desensitizing, 24% (14 of 60) slow desensitizing, and 18% (11 of 60) fast--slow desensitizing. In the 33--40 µm skin afferents, 74% (17 of 23) of the extracellular pH 6.8-gated currents were fast desensitizing, 4% (1 of 23) slow desensitizing, and 22% (5 of 23) fast--slow desensitizing. Finally, in the 33--40 µm skeletal muscle afferents, 69% (20 of 29) of the extracellular pH 6.8-gated currents were fast desensitizing, 7% (2 of 29) slow desensitizing, and 24% (7 of 29) fast--slow desensitizing. When the extracellular pH 6.8-gated currents were fast--slow desensitizing, both components were counted to calculate the percentage of positive cells, but for the current density, only the peak current of the fast component was taken into account.

Extracellular ATP-gated inward currents {#sec10-1744806917729055}
---------------------------------------

ATP (50 µM) evoked three types of currents in both clusters of cells: one fast desensitizing, one slow desensitizing, and one fast--slow desensitizing ([Figure 2(a)](#fig2-1744806917729055){ref-type="fig"}). In the 25--32 µm cluster, ATP evoked a fast desensitizing inward current in 48% (32 of 66) of hairy skin sensory afferents and in 25% (17 of 68) of skeletal muscle sensory afferents (marked as ATP (f) in [Figure 2(b)](#fig2-1744806917729055){ref-type="fig"}). This difference was significant (*p* \< 0.0048, chi-square test). The current densities were not significantly different amid the hairy skin and the skeletal muscle sensory afferents. They were −108.2 ± 15.6 and −82.3 ± 17.9 pA/pF, respectively (mean ± SEM, *p* = 0.28137; marked as ATP (f) in [Figure 2(c)](#fig2-1744806917729055){ref-type="fig"}). In the 33--40 µm cluster, ATP evoked a fast desensitizing inward current in 46% (12 of 26) of hairy skin sensory afferents and in 37% (11 of 30) of skeletal muscle sensory afferents (marked as ATP (f) in [Figure 2(d)](#fig2-1744806917729055){ref-type="fig"}). This difference was not significant (*p* \< 0.4717, chi-square test). The current densities were not significantly different among the hairy skin and the skeletal muscle sensory afferents. They were −62.3 ± 16.1 and −37.2 ± 10.4 pA/pF, respectively (mean ± SEM, *p* = 0.36648; marked as ATP (f) in [Figure 2(e)](#fig2-1744806917729055){ref-type="fig"}).

In the 25--32 µm cluster, ATP also gated a slow desensitizing inward current in 36% (24 of 66) of hairy skin sensory afferents and in 35% (24 of 68) of skeletal muscle sensory afferents (marked as ATP (s) in [Figure 2(b)](#fig2-1744806917729055){ref-type="fig"}). This difference was not significant (*p* \< 0.8973, chi-square test). The current densities were not significantly different amid the hairy skin and the skeletal muscle sensory afferents. They were −24.5 ± 8.2 and −57.2 ± 12.7 pA/pF, respectively (mean ± SEM, *p* = 0.05709; marked as ATP (s) in [Figure 2(c)](#fig2-1744806917729055){ref-type="fig"}). In the 33--40 µm cluster, ATP evoked a slow desensitizing inward current in 69% (18 of 26) of hairy skin sensory afferents and in 53% (16 of 30) of skeletal muscle sensory afferents (marked as ATP (s) in [Figure 2(d)](#fig2-1744806917729055){ref-type="fig"}). This difference was not significant (*p* \< 0.2244, chi-square test). The current densities were not significantly different amid the hairy skin and the skeletal muscle sensory afferents. They were −14.5 ± 4.6 and −19.9 ± 5.4 pA/pF, respectively (mean ± SEM, *p* = 0.59313; marked as ATP (s) in [Figure 2(e)](#fig2-1744806917729055){ref-type="fig"}). It should be noted that in the 25--32 µm skin afferents, 46% (20 of 44) of the extracellular ATP-gated currents were fast desensitizing, 27% (12 of 44) slow desensitizing, and 27% (12 of 44) fast--slow desensitizing. In the 25--32 µm skeletal muscle afferents, 32% (11 of 35) of the extracellular ATP-gated currents were fast desensitizing, 51% (18 of 35) slow desensitizing, and 17% (6 of 35) fast--slow desensitizing. In the 33--40 µm skin afferents, 18% (4 of 22) of the extracellular ATP-gated currents were fast desensitizing, 46% (10 of 22) slow desensitizing, and 22% (36 of 22) fast--slow desensitizing. Finally, in the 33--40 µm skeletal muscle afferents, 16% (3 of 19) of the extracellular ATP-gated currents were fast desensitizing, 42% (8 of 19) slow desensitizing, and 42% (8 of 19) fast--slow desensitizing. When the extracellular ATP-gated currents were fast--slow desensitizing, both components were counted to calculate the percentage of positive cells, but for the current density only the peak current of the fast component was taken into account.

Capsaicin-gated inward currents {#sec11-1744806917729055}
-------------------------------

Capsaicin (1 µM) evoked inward currents with variable kinetics in both cell clusters. For analyses purposes, they were reunited as capsaicin positive cells. [Figure 2(a)](#fig2-1744806917729055){ref-type="fig"} shows a typical capsaicin-gated current recorded during this study. In the 25--32 µm cluster, capsaicin evoked inward currents in 77% (51 of 66) of hairy skin sensory afferents and in 89% (61 of 68) of skeletal muscle sensory afferents (marked as capsaicin in [Figure 2(b)](#fig2-1744806917729055){ref-type="fig"}). This difference was not significant (*p* \< 0.0521, chi-square test). The current densities were not significantly different among the hairy skin and the skeletal muscle sensory afferents. They were −175.9 ± 35.8 and −293.6  ± 49.1 pA/pF, respectively (mean ± SEM, *p* = 0.05824; marked as capsaicin in [Figure 2(c)](#fig2-1744806917729055){ref-type="fig"}). In the 33--40 µm cluster, capsaicin evoked inward currents in 80% (21 of 26) of hairy skin sensory afferents and in 83% (25 of 30) of skeletal muscle sensory afferents (marked as capsaicin in [Figure 2(d)](#fig2-1744806917729055){ref-type="fig"}). This difference was not significant (*p* \< 0.8027, chi-square test). The current densities were not significantly different among the hairy skin and the skeletal muscle sensory afferents. They were −185.2 ± 27.6 and −190 ± 28.8 pA/pF, respectively (mean ± SEM, *p* = 0.93159; marked as capsaicin in [Figure 2(e)](#fig2-1744806917729055){ref-type="fig"}).

Sensory afferents with 5-HT-gated inward currents are endowed with other ligand-gated inward currents {#sec12-1744806917729055}
-----------------------------------------------------------------------------------------------------

Considering that around 80% of the cells studied were sensitive to capsaicin, it was analyzed if sensory afferents with 5-HT-gated currents also have capsaicin or extracellular ATP or extracellular pH 6.8-gated currents. In the 25--32 µm cluster, 9% (4 of 44) of hairy skin and 36% (4 of 11) of skeletal muscle sensory afferents also had an extracellular pH 6.8-gated fast desensitizing inward current (marked as pH 6.8 (f) in [Figure 3(a)](#fig3-1744806917729055){ref-type="fig"}), and this difference was significant (*p* \< 0.0218, chi-square test). Eighteen percent (8 of 44) of hairy skin and 9% (1 of 11) of skeletal muscle sensory afferents also had and extracellular pH 6.8-gated slow desensitizing inward current (marked as pH 6.8 (s) in [Figure 3(a)](#fig3-1744806917729055){ref-type="fig"}), and this difference was not significant (*p* \< 0.4660, chi-square test). Sixty-four percent (28 of 44) of hairy skin and 82% (9 of 11) of skeletal muscle sensory afferents also had an ATP-gated fast desensitizing inward current (marked as ATP (f) in [Figure 3(a)](#fig3-1744806917729055){ref-type="fig"}), and this difference was not significant (*p* \< 0.2504, chi-square test). Forty-one percent (18 of 44) of hairy skin and 18% (2 of 11) of skeletal muscle sensory afferents also had an ATP-gated slow desensitizing inward current (marked as ATP (s) in [Figure 3(a)](#fig3-1744806917729055){ref-type="fig"}), and this difference was not significant (*p* \< 0.1611, chi-square test). Fifty percent (22 of 44) of hairy skin and 18% (2 of 11) of skeletal muscle sensory afferents also had a capsaicin-gated inward current (marked as capsaicin in [Figure 3(a)](#fig3-1744806917729055){ref-type="fig"}), and this difference was not significant (*p* \< 0.0570, chi-square test). Figure 3.Percentage of skin and skeletal muscle small- to medium-sized sensory afferents with 5-HT-gated inward currents that also have pH 6.8- or capsaicin- or ATP-gated currents. Percentage of cells with 5-HT-gated inward currents that also have pH 6.8- or capsaicin- or ATP-gated currents in the skin and the skeletal muscle small-sized (25--32 µm) sensory afferents (a). Percentage of cells with 5-HT-gated inward currents that also have pH 6.8- or capsaicin- or ATP-gated currents in the skin and the skeletal muscle medium-sized (33--40 µm) sensory afferents (b). (f) means fast desensitizing and (s) means slow desensitizing (s). The asterisks in (a) indicate that the frequency of these ligand-gated inward currents in the skin and the skeletal muscle is significantly different (*p* \< 0.0218 for pH 6.8 evoked fast desensitizing inward currents).

In the 33--40 µm cluster, 87% (20 of 23) of hairy skin and 100% (13 of 13) of skeletal muscle sensory afferents also had an extracellular pH 6.8-gated fast desensitizing inward current (marked as pH 6.8 (f) in [Figure 3(b)](#fig3-1744806917729055){ref-type="fig"}), and this difference was not significant (*p* \< 0.1738, chi-square test). Twenty-six percent (6 of 23) of hairy skin and 15% (2 of 13) of skeletal muscle sensory afferents also had an extracellular pH 6.8-gated slow desensitizing inward current (marked as pH 6.8 (s) in [Figure 3(b)](#fig3-1744806917729055){ref-type="fig"}), and this difference was not significant (*p* \< 0.4582, chi-square test). Forty-eight percent (11 of 23) of hairy skin and 38% (5 of 13) of skeletal muscle sensory afferents also had an ATP-gated fast desensitizing inward current (marked as ATP (f) in [Figure 3(b)](#fig3-1744806917729055){ref-type="fig"}), and this difference was not significant (*p* \< 0.5870, chi-square test). Seventy percent (16 of 23) of hairy skin and 69% (9 of 13) of skeletal muscle sensory afferents also had an ATP-gated slow desensitizing inward current (marked as ATP (s) in [Figure 3(b)](#fig3-1744806917729055){ref-type="fig"}), and this difference was not significant (*p* \< 0.9833, chi-square test). Fifty-seven percent (13 of 23) of hairy skin and 46% (6 of 13) of skeletal muscle sensory afferents also had a capsaicin-gated inward current (marked as capsaicin in [Figure 3(b)](#fig3-1744806917729055){ref-type="fig"}), and this difference was not significant (*p* \< 0.5495, chi-square test).

Discussion {#sec13-1744806917729055}
==========

Serotonin (5-HT) is considered a mediator of inflammatory pain in skin^[@bibr14-1744806917729055]^ and skeletal muscle.^[@bibr12-1744806917729055]^ In the periphery, 5-HT can be released from platelets, mast cells, or basophils that infiltrate an area of tissue damage. In this study, it was assessed if small- to medium-sized sensory afferents innervating the hairy skin are endowed with 5-HT-gated inward currents as frequently as sensory afferents innervating the skeletal muscle. It was found that (1) 5-HT-gated inward currents are three times more frequently evoked in small- to medium-sized sensory afferents innervating the hairy skin than on those innervating the skeletal muscle, and this difference was significant. (2) This difference is larger in small-sized (four times in 25--32 µm) than in medium-sized (two times in 33--40 µm) sensory afferents. (3) The density of the currents evoked by 5-HT tended to be larger in the hairy skin than on the skeletal muscle sensory afferents, but they were not significantly different. (4) The density of the currents evoked by 5-HT tended to be larger in medium-sized than in small-sized neurons, in both the hairy skin and the skeletal muscle sensory afferents. (5) Although the sensory afferents endowed with 5-HT-gated currents are endowed with various other types of ligand-gated currents, in the small-sized neurons, they were observed more frequently associated with an ATP-gated fast desensitizing current, and in the medium-sized neurons, they were more commonly associated with an extracellular pH 6.8-gated fast desensitizing current, and an ATP-gated slow desensitizing current.

In sensory neurons, 5-HT-gated inward currents are mediated by 5-HT~3~ receptors, which are ligand-gated channels of the pentameric receptor superfamily that are permeable to Na^+^, K^+^, and Ca^2+^.^[@bibr21-1744806917729055],[@bibr22-1744806917729055]^ The 5-HT~3~ receptor family comprises the homomeric 5-HT~3A~ receptor and heteromeric receptors including the combination of the A subunit with B, C, D, or E subunits.^[@bibr22-1744806917729055]^ The best characterized are 5-HT~3A~ and 5-HT~3AB~ receptors.^[@bibr23-1744806917729055]^ The presence of the 5-HT~3~ receptor mRNA has been demonstrated in rat DRGs.^[@bibr24-1744806917729055],[@bibr25-1744806917729055]^ Using in situ hybridization histochemistry, it was determined that 5-HT~3B~ subunit mRNA is expressed in 43% of rat DRG neurons, and the 5-HT~3A~ subunit is expressed in 70% of rat DRG neurons.^[@bibr26-1744806917729055]^ The expression of both subunits was similar (around 40%) in small- to medium-sized (26 to 40 µm) DRG neurons.^[@bibr26-1744806917729055],[@bibr27-1744806917729055]^ However, another study indicates that only 20% of small- to medium-sized (25 to 45 µm) DRG neurons express the 5-HT~3B~ subunit.^[@bibr28-1744806917729055]^ Using electrophysiology, it was previously observed that 5-HT evoked inward currents in around 50% of DRG cells randomly assessed, and no difference was noticed with heart sensory afferents.^[@bibr29-1744806917729055]^ These results indicate that 5-HT~3~ receptors may be expressed in 50%--70% of rat sensory afferents, being 5-HT~3A~ the dominant subunit present in those receptors. In the present study, 5-HT evoked inward currents in 48% of the small- to medium-sized (25--40 µm) sensory afferents.

The presence of 5-HT~3~ receptors in DRG neurons of different sizes allows to suggest that they may convey nociceptive and mechanosensitive information.^[@bibr26-1744806917729055]^ Here, it was observed that an average of 53% of the DRG cells that were positive to 5-HT were also positive to extracellular pH 6.8, an association that was robust in medium-sized (33--40 µm) sensory afferents. Medium-sized (33--40 µm) sensory afferents positive to extracellular pH 6.8-gated fast desensitizing currents have been classified as nociceptors and mechanoreceptors.^[@bibr30-1744806917729055],[@bibr31-1744806917729055]^ However, it has been observed that sensory nerve terminals in the Merkel cell-nerve endings showed strong positive immunoreactions of 5-HT~1A~ and 5-HT~1B~ receptors but not of 5-HT~3~ receptors,^[@bibr32-1744806917729055]^ indicating that 5-HT-gated inward currents would not be mechanosensitive in the skin.

On the other hand, the nociceptive role of 5-HT~3~ receptors is relatively well established.^[@bibr11-1744806917729055][@bibr12-1744806917729055][@bibr13-1744806917729055]--[@bibr14-1744806917729055]^ In the present study, it was observed that an average of 80% of the DRG cells that were positive to 5-HT were also positive to ATP. The association with ATP-gated fast desensitizing currents was stronger in small (25--32 µm) sensory afferents, and the association with ATP-gated slow desensitizing currents was stronger in medium (33--40 µm) sensory afferents. Small-sized (25--32 µm) sensory afferents with ATP-gated fast desensitizing currents have been classified as nociceptors.^[@bibr30-1744806917729055],[@bibr31-1744806917729055]^ These ATP-gated currents have been associated in sensory neurons to P2X~1~ and P2X~3~ receptors.^[@bibr33-1744806917729055]^ It has been demonstrated that most of the small sensory neurons have P2X~3~ mRNA and that this receptor is mainly expressed in C-fiber neurons.^[@bibr34-1744806917729055]^ Thus, regarding the present results, it can be argued that at least 64% of the sensory afferents activated by 5-HT in the hairy skin and 82% from the skeletal muscle may be C-type nociceptors. On the other hand, sensory neurons with ATP-gated slow desensitizing currents, associated to P2X~2~ and P2X~2/3~ receptors, have been classified as nociceptors.^[@bibr35-1744806917729055]^ Therefore, it can be proposed that from the medium sensory afferents activated by 5-HT, at least 70% from the hairy skin and 69% from the skeletal muscle may be Aδ-type nociceptors.

Subsequently, considering their strong association with ATP-gated currents, it can be suggested that the role of 5-HT evoked currents would be mainly nociceptive, and they would be mediating inflammatory pain, just like the one that happens in contact dermatitis,^[@bibr20-1744806917729055]^ skin burning,^[@bibr14-1744806917729055]^ itching,^[@bibr14-1744806917729055]^ and chronic myalgia.^[@bibr12-1744806917729055],[@bibr13-1744806917729055]^ Accordingly, after functional elimination of the receptor, it has been demonstrated that 5-HT~3~ receptors are not required for acute nociception in response to physiological stimuli.^[@bibr15-1744806917729055]^ Instead, the 5-HT~3~ receptor seems to contribute to persistent nociceptive processing without inducing a concomitant edema in the setting of tissue injury, and the peripheral 5-HT~3~ receptor contribution would be via an action on both myelinated (Aδ afferents) and unmyelinated (nopeptidergic C-fibers) nociceptors.^[@bibr15-1744806917729055]^ It should be noticed that in that study, it was also found that most of nociceptors that express the 5-HT~3~ receptors are capsaicin insensitive (only 13% were positive).^[@bibr15-1744806917729055]^ In the present study, an average of 47% of the DRG cells that were positive to 5-HT were also positive to capsaicin. The reason for the discrepancy is not clear but could be related to the use in the current study of acutely dissociated primary afferents cultured in the presence of NGF, a condition that may be upregulating the expression of ligand-gated ion channels.^[@bibr36-1744806917729055][@bibr37-1744806917729055][@bibr38-1744806917729055]--[@bibr39-1744806917729055]^

In the present study, it was observed that 5-HT-gated inward currents are three times more frequently evoked in small- to medium-sized sensory afferents innervating the hairy skin than on those innervating the skeletal muscle. This strongly suggests that small to medium (25--40 µm) rat sensory neurons innervating hairy skin are more likely to express 5-HT-gated ion channels than those that innervate skeletal muscle. This observation can be explained if 5-HT~3~ receptors are part of a nociceptive system that is activated when tissues are exposed to physical and chemical stimuli that can be allergic and irritant by means of their nature and their concentration. In that sense, as the superficial somatic and the visceral nociceptive systems are more exposed to the external environment, they will be more exposed to those allergic and irritant stimuli than the deep somatic nociceptive system, therefore, due to that 5-HT~3~ receptors will be highly expressed in the superficial somatic and in the visceral nociceptive systems than in the deep somatic nociceptive system. Indeed, the superficial somatic (cutaneous) nociceptive system mediates a sharp pricking or burning pain associated with ongoing activation of nociceptors in the skin, subcutaneous tissue, or mucous membranes, and it is produced by external mechanical, chemical, or thermal events and dermatologic disorders.^[@bibr1-1744806917729055]^ On the other side, the deep somatic (musculoskeletal) system mediates a dull or aching pain associated with ongoing activation of nociceptors in muscles, tendons, joint capsules, fasciae, or bones, and it is produced by overuse strain, mechanical injury, cramping, ischemia, or inflammation.^[@bibr2-1744806917729055],[@bibr3-1744806917729055]^

Several studies indicate that sensory afferents innervating skin and skeletal muscle are diverse.^[@bibr8-1744806917729055],[@bibr40-1744806917729055][@bibr41-1744806917729055][@bibr42-1744806917729055]--[@bibr43-1744806917729055]^ Certainly, nociceptors innervating muscle express more substance P and CGRP, and less isolectin B4 and somatostatin, when compared to nociceptors innervating skin.^[@bibr41-1744806917729055],[@bibr42-1744806917729055]^ Muscle afferents on the other side had the highest proportions of carbonic anhydrase, but the lowest proportions of profiles with lectin binding.^[@bibr42-1744806917729055]^ Likewise, using immunocytochemistry, retrograde labeling, and electrophysiology, it was previously reported that small (\<25 µm) muscle sensory afferents are more likely to express acid-sensing ion channels 3 than those that innervate skin (51% of small muscle afferents vs. 28% of small skin afferents).^[@bibr8-1744806917729055]^ Besides, it has been shown in mice that TRPV1-positive afferents would comprise approximately 16% of all cutaneous c-fibers and approximately 40% of the WGA-labeled skeletal muscle sensory afferents.^[@bibr40-1744806917729055]^ Finally, it has been reported that small and medium diameter skin nociceptors express either TRPV1 or TRPV2 in isolation; meanwhile skeletal muscle nociceptors coexpressed both TRPs.^[@bibr43-1744806917729055]^
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